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(54) Exposure apparatus, cooling method and device manufacturing method 



(57) Disclosed herein are an exposure apparatus 
and a cooling method usable therein, being effective to 
improve a mirror temperature-control precision and to 
suppress temperature changes in a certain allowable 
range, particularly in an EUV exposure apparatus. The 
exposure apparatus includes a chamber having an in- 
side space filled with a vacuum ambience, a subject 
member disposed in the inside space, the subject mem- 



ber being a member to be temperature-adjusted, a ra- 
diation member for temperature-adjusting the subject 
member without contact thereto, and a temperature ad- 
justing mechanism for temperature-adjusting the sub- 
ject member, wherein the temperature adjusting mech- 
anism changes the temperature of the radiation member 
before a heat quantity applied or to be applied to the 
subject member changes. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] This invention relates to cooling technology for 
an optical member placed in a vacuum environment in 
an exposure apparatus and, more particularly, to radia- 
tional cooling technology to such location where thermal 
load applied to an optical member changes as like on/ 
off action, such as exposure heat. 
[0002] Conventional exposure apparatuses use an ul- 
tra-high pressure Hg lamp (i-line), a KrF excimer laser 
or an ArF excimer laser. With the light of these wave- 
lengths, exposures can be performed in a gas ambi- 
ence. Thus, the cooling method for cooling optical ele- 
ments is based on convection by blowing a gas thereto, 
or circulation of a cooling medium. 
[0003] The wavelength of exposure light used in ex- 
posure apparatuses has recently been shortened more 
and more to meet further miniaturization of semiconduc- 
tor integrated circuits. Currently, use of extreme ultravi- 
olet (EUV) light as exposure light is predicted. Regard- 
ing the wavelength of such EUV light, the energy is at- 
tenuated largely in a gas ambience. Also, with the ex- 
posure in a gas ambience, carbon compound is depos- 
ited on an optical element. Because of these reasons, 
the exposure with EUV is performed in a vacuum envi- 
ronment. 

[0004] Use of EUV as a light source necessitates ex- 
posure in a vacuum ambience, and this makes it difficult 
to accomplish temperature adjustment. Particularly, in a 
vacuum ambience, it Is impossible to cool a surface of 
an object by means of convection, as conventional. Fur- 
thermore, the temperature adjustment based on flow of 
a cooling medium will cause vibration, which undesira- 
bly leads to degradation of the transfer positional preci- 
sion. Japanese Laid-Open Patent Application No. 
H09-092613 proposes a non-contact cooling method in 
a vacuum ambience, wherein cooling is executed on the 
basis of radiation. 

[0005] In such radiation cooling, a subject member to 
be cooled is cooled by use of a radiation plate. The ra- 
diation plate is specifically arranged to provide a large 
radiation coefficient at its surface to enlarge the radia- 
tion heat transfer amount, such as roughening the sur- 
face, or applying a material having large radiation coef- 
ficient to the surface. The radiation plate is disposed op- 
posed to the surface of the subject memberthat is to be 
cooled, without contact thereto. A heat flux is thus pro- 
duced between the radiation plate and the surface op- 
posed to the radiation plate, whereby the subject mem- 
ber to be cooled is cooled. 

[0006] Regarding the heat quantity as a substance Y 
having an absolute temperature T 2 [K] and an area A 2 
[m 2 ] absorbs from a substance X having an absolute 
temperature T-, [K] and an area A 2 [m 2 ], where the radi- 
ation coefficient of the substance X is E^ the radiation 
coefficient of the substance Y is E 2 , and the radiation 



geometric factor (the rate of the energy impinging on the 
substance Y to the energy emerging from the substance 
X) is F 12l the heat flux density Q [W/m 2 ] between two 
planar plates can be expressed by the following equa- 
5 Hon (where T^Tj): 

Q=ax(T 1 4 -T 2 4 )/(1-E 1 )/(E 1 xA 1 ) 



wherein a is Stefan-Boltzmann constant. 
[0007] If, for example, two disks having a diameter 
100 mm are disposed in parallel to each other with a 
distance 10 mm and if the two disks have the same ra- 
diation coefficient of 0.8, in order to produce a heat flux 
of 0.5 W, where one disk has a temperature 23 °C, the 
temperature of the other disk has to be lowered to about 
0 °C. It is seen from this that, in order to obtain a large 
heat transfer quantity (a few watts to more than ten 
watts) on the basis of radiation, the surface area through 
which two objects are opposed to each other has to be 
enlarged or, alternatively, a large surface temperature 
difference should be defined between the two objects. 
However, there is a limitation to enlargement of the sur- 
face area of opposed surfaces and, for this reason, it 
becomes very important to produce a large surface tem- 
perature difference between the two objects. 
[0008] Where the heat load changes suddenly as like 
an on/off operation, the temperature of the radiation 
plate has to be changed quickly to follow it. In the ex- 
ample described above, where two disks having a diam- 
eter 100 mm and a temperature 23 "C are disposed in 
parallel to each other with a distance 10 mm and they 
have the same radiation coefficient of 0.8, if a heat load 
of 0.5 W is applied as "on" to one disk (stepwise appli- 
cation of heat load of 0.5W), in order to keep this disk 
at 23 °C, it is necessary to change the temperature of 
the other disk quickly from 23 °C to 0 °C. However, the 
radiation plate has a certain heat capacity and, thus, it 
is difficult to change the temperature of the radiation 
plate so quickly to follow the change in the heat load. As 
a result, there occurs a lag in control, and a tolerable 
temperature variation range of the optical member is 
easily exceeded. It is therefore necessary to improve 
degradation of the control precision resulting from such 
control delay. 

[0009] Since EUV exposure apparatuses are used for 
exposure of a circuit pattern of a linewidth of 0.1 micron 

so or smaller, the linewidth precision is very strict. Particu- 
larly, as regards the mirror surface shape, only a defor- 
mation of about 0.1 nm is tolerated. Thus, while the mir- 
ror is generally made of a low thermal-expansion glass 
material , since such low thermal-expansion glass is very 

55 soft, the thickness of the mirror is made very large to 
avoid easy deformation of the surface shape thereof due 
to any external force. This means that the mirror has a 
large heat capacity, such that there occurs a time lag 
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until a temperature sensor can detect application of heat 
as a temperature rise. This causes a delay of control 
and degradation of control precision. 

SUMMARY OF THE INVENTION 5 

[0010] An embodiment of the present invention seeks 
to provide an exposure apparatus, 
a cooling method and/or a device manufacturing, meth- 
od, by which degradation of temperature control preci- 
sion due to a delay of control can be improved such that 
temperature variation can be held within a tolerable 
range. 

[0011] In accordance with an embodiment of the 
present invention, there is provided an exposure appa- 
ratus, comprising: a chamber having an inside space 
filled with a vacuum ambience; a subject member dis- 
posed in said inside space, said subject member being 
a member to be temperature-adjusted; a radiation mem- 
ber for temperature-adjusting the subject member with- 
out contact thereto; and a temperature adjusting mech- 
anism for temperature-adjusting the subject member, 
wherein said temperature adjusting mechanism chang- 
es the temperature of the radiation member before a 
heat quantity applied or to be applied to the subject 
member changes. 

[0012] Embodiments of the present invention will be 
described in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Figure 1 is a schematic view of an exposure appa- 
ratus according to an embodiment of the present 
invention. 

Figure 2 is a schematic view of a radiation cooling 
mechanism according to an embodiment of the 
present invention, 

Figure 3 is a flow chart for explaining temperature 
control procedure for an optical member, in an em- 
bodiment of the present invention. 
Figure 4 is a flow chart for explaining conventional 
temperature control procedure. 
Figure 5 is a graph for explaining an example of 
temperature control in radiation cooling according 
to an embodiment of the present invention. 
Figure 6 is a schematic view for explaining plural 
radiation cooling mechanisms and a temperature 
controller, in an embodiment of the present inven- 
tion. 

Figure 7 is a schematic view for explaining a radia- 
tion cooling mechanism for a wafer and a tempera- 
ture controller, in an embodiment of the present in- 
vention. 

Figure 8 is a flow chart for explaining manufacture 
of microdevices such as semiconductor chips (IC or 



LSI), LCD, and CCD, for example. 

Figure 9 is a flow chart for explaining details of a 

wafer process at step 4 in Figure 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Preferred embodiments of the present inven- 
tion will now be described with reference to the attached 
drawings. 

[First Embodiment] 

[0015] Figure 1 is a schematic view for explaining an 
example of exposure apparatus based on a cooling 
method, according to a first embodiment of the present 
invention. Denoted at 1 is a chamber which functions to 
separate an exposure ambience from an atmosphere. 
A vacuum is maintained in the chamber, by means of a 
pump, not shown. Exposure light L directed from an un- 
shown illumination optical system is reflected by a reticle 
2. The exposure light L as reflected by the reticle 2 is 
reflected by mirrors of a projection optical system and 
projected upon a wafer 1 02, whereby a pattern of the 
reticle 2 is transferred to the wafer 1 02. There is a radi- 
ation cooling mechanism 5 disposed opposed to the bot- 
tom face of the mirror 4. 

[0016] Figure 2 is a schematic view of the radiation 
cooling mechanism. The radiation cooling mechanism 
5 comprises a Peltier device 6, a heat radiating (dissi- 
pation) block 7, and a radiation plate 9. The Peltier ele- 
ment 6 includes, for example, p-type semiconductors 
and n-type semiconductors disposed thermally in paral- 
lel to each other. The Peltier device 6 is controlled by a 
controller (to be described later) and, as joined with the 
radiation plate 9, it functions to cool the radiation plate 
9 on the basis of Peltier effect. The term "Peltier effect" 
refers to a phenomenon that, in response to a flow of 
electric current to a contact between two types of con- 
ductors or semiconductors, transfer of heat occurs due 
to a difference in electric conductivity. In this embodi- 
ment, the Peltier device 6 is provided by p-type semi- 
conductors and n-type semiconductors. Since electrons 
do not easily flow in the region from p-type semiconduc- 
tor to n-type semiconductor, it provides a heat absorbing 
surface. In the region from n-type semiconductor to p- 
type semiconductor, on the other hand, since electrons 
easily flow, it provides a heat radiating surface 1 0 that 
emits heat. Thus, by joining the heat absorbing surface 
of the Peltier device 6 to the radiation plate 9, heat can 
be absorbed from the radiation plate 9 and it can be 
cooled thereby. The heat quantity as can be absorbed 
by the Peltier device 6 can be adjusted the applied elec- 
tric voltage. 

[001 7] The heat radiating block 7 is joined to the heat 
radiating surface 1 0 of the Peltier device. The heat ra- 
diating block 7 is connected to a circulation means 201 
through a flowpassage 202. By circulating a fluid 
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through the flowpassage 202, the heat radiating surface 
10 of the Peltier device 6 can be cooled. For enlarge- 
ment of radiation heat transfer amount, the surface of 
the radiation plate 9 has been processed to provide a 
radiation coefficient of 0.8 or more or, alternatively, a 
material having a radiation coefficient not less than 0.8 
has been adhered to the surface. The mirror 4 is provid- 
ed with a temperature sensor 8 for measuring the tem- 
perature of the mirror 4. The temperature sensor 8 is 
connected to a temperature controller 200. 
[0018] The circulation means 201 comprises a pump 
and a temperature adjuster, and the temperature con- 
troller 200 performs control to maintain a predetermined 
constant temperature at the location of the temperature 
sensor 8. The Peltier device 6 Is connected to the tem- 
perature controller 200, and the temperature controller 
200 provides an output to the Peltier device 6 so as to 
hold the value of the temperature sensor 8 constant. 
Further, the temperature controller 200 is connected to 
a computer for storing exposure data, and it can access 
the exposure data. 

[001 9] The exposure light L incident on the mirror 4 is 
reflected thereby, and it reaches the wafer 1 02. Howev- 
er, a portion of the exposure light L is absorbed by the 
mirror 4, such that the temperature of the mirror 4 rises. 
Thus, the mirror 4 should be cooled. For high-precision 
cooling of the mirror 4, active cooling should be done, 
as will be described later. 

[0020] The exposure light L changes as like on/off op- 
eration, and thus the heat load applied to the mirror 4 
changes as like on/off operation. Where the heat load 
changes suddenly as like on/off, the temperature of the 
radiation plate 9 must be changed quickly to follow it. 
However, since the radiation plate 9 has a heat capacity, 
it is difficult to change the temperature of the radiation 
plate 9 so quickly to follow the change in the heat load. 
Furthermore, while the mirror4 is made of a lowthermal- 
expansion glass material, since such low thermal-ex- 
pansion glass is very soft, the thickness of the mirror is 
made very large to avoid easy deformation of the sur- 
face shape thereof due to any external force. This 
means that the mirror 4 has a large heat capacity, such 
that there occurs a time lag until the temperature sensor 
can detect application of heat as a temperature rise. 
This causes a delay of control and degradation of control 
precision. As a result, the control is delayed, and the 
tolerable temperature variation range for the mirror is 
easily exceeded. 

[0021] These inconveniences can be solved as fol- 
lows. That is, if the timing and magnitude of the heat 
load to be applied to the mirror4 is predetected, the tem- 
perature of the radiation plate can be changed before- 
hand. This makes it possible to effectively reduce the 
temperature variation. Figure 3 illustrates the procedure 
of temperature control, based on it. 
[0022] At step 11 in Figure 3, the temperature control- 
ler 200 memorizes the temperature of the mirror 4 in its 
initial state, as a predetermined temperature. 



[0023] As step 21 , the exposure timing and the expo- 
sure light strength is read out from the exposure data. 
[0024] At step 22, the temperature controller 200 cal- 
culates the output timing and the output level in accord- 

5 ance with the data read out at step 21. Here, the output 
timing and the output magnitude of the temperature con- 
troller 200 to the heat load may be stored beforehand 
as a function, on the basis of simulations or experi- 
ments. In that occasion, the output timing and the output 

w level can be calculated from the exposure timing and 
exposure light strength. Alternatively, on the basis of 
simulations or experiments, the output timing and output 
magnitude to head load may be stored in a table. In that 
occasion, by interpolating values in the table, the output 

is timing and output level can be calculated on the basis 
of the exposure timing and the exposure light strength. 
[0025] If no output is required, 0 (zero) is taken for the 
output level. 

[0026] As step 12, the temperature of the mirror 4 is 
20 detected by use of the temperature sensor 8. 

[0027] At step 13, any changes in the difference be- 
tween the temperature of the mirror 4 detected at step 
12 and the predetermined temperature as memorized 
at step 1 1 , is detected. 
25 [0028] At step 14, the temperature controller 200 cal- 
culates an output so that the mirror 4 is adjusted to the 
predetermined temperature. 
[0029] At step 15, the temperature controller 200 ap- 
plies an output to the Peltier device 6, the output corre- 
30 sponding to the sum of the output levels at steps 1 4 and 
22. 

[0030] The sequence then goes back to step 1 2. 
[0031 ] Now, an example wherein the heat load is go- 
ing to be "on" will be considered. 
35 [0032] The temperature of the mirror4 may otherwise 
rise beyond a tolerable range, due to the delay of con- 
trol. Since, however, the timing and the strength of ex- 
posure light heat application can be predetected at step 
21 , the output of the temperature controller can be de- 
40 termined appropriately in accordance with the proce- 
dure at steps 1 2, 1 3 and 1 4. Thus, before the exposure 
light heat is applied, a signal for lowering the tempera- 
ture of the radiation plate 9 can be applied to decrease 
the temperature of the radiation plate 9. As a result, the 
45 temperature variation of the mirror 4 can be reduced, 
and it can be maintained within a required tolerable tem- 
perature variation range. 

[0033] Figure 4 illustrates a conventional (normal) 
temperature controlling procedure. 
so [0034] Figure 5 is a graph showing the results of com- 
parison between the temperature variation as controlled 
in accordance with the temperature controlling proce- 
dure of the present invention shown in Figure 3, and the 
temperature variation as controlled in accordance with 
55 the conventional (normal) temperature controlling pro- 
cedure shown in Figure 4. In the examples shown in Fig- 
ure 5, the temperature control was performed to appli- 
cation ("on") of heat load of the same magnitude. It is 
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seen from Figure 5 that, as compared with the control 
according to the conventional control procedure (Figure 
4), the temperature variation with regardto atargettem- 
perature (target value) is reduced to about a half in ac- 
cordance with the temperature control procedure of Fig- 
ure 3. 

[Second Embodiment] 

[0035] A second embodiment of the present invention 
concerns a cooling method wherein every mirror is 
cooled in accordance with the procedure shown in Fig- 
ure 3. More specifically, as shown in Figure 6, mirrors 
may have different shapes. Also, head loads applied to 
the mirrors may be different from each other. Thus, the 
timing for changing the temperature of the radiation 
plate 9 to be calculated by step 22 may differ between 
the mirrors. In consideration of it, in accordance with the 
present embodiment, with respect to each of plural mir- 
rors, a function or a table that represents the output tim- 
ing and the output level to head loads, to be used at step 
22, is prepared. With this arrangement, a signal can be 
applied at an optimum timing in relation to each mirror. 
Thus, in regard to all the mirrors, the temperature can 
be controlled with good precision, within a tolerable tem- 
perature variation range. 

[0036] While the foregoing embodiments have been 
described specifically with respect to a cooling method, 
the invention Is not limited to this. The invention can be 
applied to an exposure apparatus having a cooling 
method (a cooling mechanism or a cooling system) in- 
corporated therein. Alternatively, the invention can be 
applied to a device manufacturing method that includes 
a step for exposing a substrate (a workpiece to be ex- 
posed or a wafer) by use of such exposure apparatus, 
and a step for developing the exposed substrate. 
[0037] Further, the exposure apparatus as described 
above may be provided with storing means for memo- 
rizing exposure program (including various information 
about exposure start timing, exposure completion tim- 
ing, timing for changing exposure light quantity, expo- 
sure light quantity as changed, and so on) for exposure 
of wafers. In that occasion, the heat quantity to be ap- 
plied to each optical elements (mirrors) and the timing 
of heat quantity application can be predetected on the 
basis of the stored information. By performing optimum 
temperature adjustmentto each optical element (mirror) 
on the basis of the information obtained therefrom, the 
temperatures of the optical elements can be maintained 
within a tolerable temperature variation range. The stor- 
ing means mentioned above may not be provided in the 
exposure apparatus, but rather the cooling system 
(cooling means) may include such storing means (mem- 
orizing step). 

[Third Embodiment] 

[0038] A third embodiment of the present invention is 



directed to a cooling method wherein the present inven- 
tion is applied to a process for cooling a wafer chuck, 
not a mirror, as shown in Figure 7. 
[0039] Denoted in Figure 7 at 1 02 is a wafer, and de- 

5 noted at 1 01 is a wafer chuck. Denoted at 9 is a radiation 
cooling plate, and denoted at 6 is a Peltier device. Since 
any thermal deformation of the wafer chuck 1 01 directly 
leads to deformation of a wafer 1 02, it is very important 
for improvements of pattern transfer precision of an ex- 

10 posure apparatus to suppress temperature variation of 
the wafer chuck 1 01 . The wafer chuck 1 01 is made of a 
material having a high specific rigidity, such as SiC, for 
example, so as to suppress deformation due to any ex- 
ternal force. 

15 [0040] Here, for better performance of a wafer stage 
(lightness or rigidity, for example), the material of the wa- 
fer chuck should desirably have a specific rigidity of 
1 E+8(N-m/kg) or more. 

[0041] Further, in order that the wafer chuck can be 
20 used as a radiation plate (radiation member) to perform 
radiation cooling, it should desirably have a radiation co- 
efficient of 0.4 or more and a thermal conductivity of 30 
(W/m/°C) or more. 

[0042] Furthermore, in order that the wafer chuck can 

25 function as an electrostatic chuck for fixation of a wafer, 
at least a portion of the chuck (e.g. attracting surface 
thereof) should desirably have a dielectric constant (rel- 
ative permittivity) of 1 0 or more and a volume specific 
resistance in a range of 1 E+6 to 1 E+1 3 (Q-cm), 

30 [0043] An example of materials satisfying the above- 
described conditions and being desirable as an electro- 
static chuck that can be radiation-cooled in a vacuum 
ambience, is SiC. However, any other materials may be 
used, and alumina may be used, for example. A material 

35 that does not satisfy all the conditions described above 
but satisfies at least two conditions, preferably three or 
more conditions, may be used. 
[0044] An electric voltage is applied to the wafer 
chuck 1 01 when it attracts a wafer 1 02. Thus, due to self 

40 heat generation, a temperature rise occurs at the wafer 
chuck 101. Additionally, as the exposure light L is pro- 
jected to the wafer 1 02, heat flows from the wafer 1 02 
to the wafer chuck 1 01 , and this causes temperature rise 
in the wafer chuck 1 01 . In order to suppress these tem- 

45 perature rises, the temperature is measured by the tem- 
perature sensor 8, and the temperature controller 200 
controls the temperature of the radiation cooling plate 9 
so that the temperature to be measured at the temper- 
ature sensor becomes constant. Further, the tempera- 

so ture controller 200 can access the information regarding 
the timing for applying an electric voltage to the wafer 
chuck and the timing for projecting the exposure light to 
the wafer 102. 

[0045] The linear expansion coefficient of the wafer 
ss chuck 101 is about 3 ppm, and the temperature control 
precision is very strict as of an order of +0.003 °C. As 
described hereinbefore, where the heat load changes 
as like an on/off operation and if the temperature control 
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delays, it becomes impossible to attain the temperature 
control precision that satisfies the specification. In con- 
sideration of this, the timing for applying an applied elec- 
tric voltage to the wafer chuck 101 as well as the timing 
for projecting exposure light to the wafer 1 02 are prede- 5 
tected, so that the temperature of the radiation plate is 
controlled before the heat load is applied (on/off) to the 
wafer chuck. With this procedure, the temperature con- 
trol precision for the wafer chuck 101 can be ±0.003 °C. 
[0046] In the third embodiment described above, the 
invention is applied to the wafer chuck for holding a wa- 
fer, to cool the wafer chuck. However, the invention is 
not limited to this. The present invention may be applied 
to a reticle chuck for holding a reticle, to accomplish 
holding and cooling in a similar manner as the third em- 
bodiment. In that occasion, different radiation plates 
may be provided and disposed opposed to different re- 
gions, that is, a region where absorption of light is rela- 
tively large and a region where absorption of light is rel- 
atively small, respectively, and these radiation plates 
may be controlled at different temperatures. 
[0047] As a matter of course, also in the first and sec- 
ond embodiments, a plurality of radiation plates (radia- 
tion members) may be provided in different groups, and 
the different groups may be controlled at different tem- 
peratures, respectively. 

[Fourth Embodiment] 

[0048] Next, referring to Figures 8 and 9, an embodi- 
ment (fourth embodiment) of a device manufacturing 
method which uses an exposure apparatus 500 de- 
scribed above, will be explained. 
[0049] Figure 8 is a flow chart for explaining the pro- 
cedure of manufacturing various microdevices such as 
semiconductor chips (e.g., ICs or LSIs), liquid crystal 
panels, or CCDs, for example. Here, manufacture of 
semiconductor chips will be explained. Step 1 is a de- 
sign process for designing a circuit of a semiconductor 
device. Step 2 is a process for making a mask on the 
basis of the circuit pattern design. Step 3 is a process 
for preparing a wafer by using a material such as silicon. 
Step 4 is a wafer process which is called a pre-process 
wherein, by using the thus prepared mask and wafer, a 
circuit is formed on the wafer in practice, in accordance 
with lithography. Step 5 subsequent to this is an assem- 
bling step which is called a post-process wherein the 
wafer having been processed at step 4 is formed into 
semiconductor chips. This step includes an assembling 
(dicing and bonding) process and a packaging (chip 
sealing) process. Step 6 is an inspection step wherein 
an operation check, a durability check an so on, for the 
semiconductor devices produced by step 5, are carried 
out. With these processes, semiconductor devices are 
produced, and they are shipped (step 7). 
[0050] Figure 9 is a flow chart for explaining details of 
the wafer process. Step 11 is an oxidation process for 
oxidizing the surface of a wafer. Step 1 2 is a CVD proc- 



ess for forming an insulating film on the wafer surface. 
Step 13 is an electrode forming process forforming elec- 
trodes upon the wafer by vapor deposition. Step 14 is 
an ion implanting process for implanting ions to the wa- 
fer. Step 15 is a resist process for applying a resist (pho- 
tosensitive material) to the wafer. Step 1 6 is an exposure 
process for printing, by exposure, the circuit pattern of 
the mask on the wafer through the exposure apparatus 
described above. Step 17 is a developing process for 
developing the exposed wafer. Step 18 is an etching 
process for removing portions other than the developed 
resist image. Step 1 9 is a resist separation process for 
separating the resist material remaining on the wafer af- 
ter being subjected to the etching process. By repeating 
these processes, circuit patterns are superposedly 
formed on the wafer. With these processes, high quality 
microdevices can be manufactured. 
[0051] As described, a device manufacturing method 
that uses an exposure apparatus as well as a device as 
a product thereof are also in the scope of the present 
Invention. 

[0052] The first to fourth embodiments of the present 
invention described hereinbefore may be combined in 
any way as long as it does not cause contradiction. Fur- 
ther, as a matter of course, the invention is not limited 
to the form of these embodiments, and many changes 
and deformations are possible within the scope of the 
invention. 

[0053] In some aspects, the present invention can be 
summarized as exemplary forms, as follows. 

[Item 1] A cooling method for cooling at [east one 
optical member disposed in a vacuum ambience, 
characterized by a detecting step for detecting a 
temperature of the optical member, and a temper- 
ature adjusting step for providing a temperature dif- 
ference between the optical member and a radia- 
tion plate disposed opposed to the optical member 
without contact thereto, to bring the temperature of 
the optical member into a predetermined range, on 
the basis of a result of detection made at the detect- 
ing step, wherein the temperature difference be- 
tween the optical member and the radiation plate is 
changed before a heat quantity applied to the opti- 
cal member changes. 

[Item 2] A cooling method according to Item 1, 
wherein, in the temperature adjusting step, the tem- 
perature of the radiation plate is adjusted. 
[Item 3] A cooling method according to Item 1 or 2, 
wherein, in the detecting step, the temperature of 
the optical member is detected by use of a temper- 
ature detector which is out of contact to the optical 
member. 

[Item 4] A cooling method according to any one of 
Items 1 - 3, wherein, where different optical mem- 
bers are to be cooled, in the temperature adjusting 
step, at least one of (i) the timing for changing the 
temperature difference between the radiation plate 
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and the optical member and (ii) the amount of tem- 
perature difference between the radiation plate and 
the optical member, is made different between 
them. 

[Item 5] A cooling method according to any one of s 
Items 1 - 4, wherein the optical member is a mirror. 
[Item 6] A cooling system for cooling at least one 
optical member disposed in a vacuum ambience, 
characterized by a detecting device for detecting a 
temperature of the optical member, and a temper- io 
ature adjusting device for providing a temperature 
difference between the optical member and a radi- 
ation plate disposed opposed to the optical member 
without contact thereto, to bring the temperature of 
the optical member into a predetermined range, on '5 
the basis of a result of detection made at the detect- 
ing step, wherein the temperature difference be- 
tween the optical member and the radiation plate is 
changed before a heat quantity applied to the opti- 
cal member changes. 20 
[Item 7] A cooling system according to Item 6, 
wherein the temperature adjusting device adjusts 
the temperature of the radiation plate. 
[Item 8] A cooling system according to Item 6 or 7, 
wherein the detecting device detects the tempera- & 
ture of the optical member by use of a temperature 
detector which is out of contact to the optical mem- 
ber. 

[Item 9] A cooling method according to any one of 
Items 6 - 8, wherein, where different optical mem- 30 
bers are to be cooled, the temperature adjusting de- 
vice functions so that at least one of (i) the timing 
for changing the temperature difference between 
the radiation plate and the optical member and (ii) 
the amount of temperature difference between the 35 
radiation plate and the optical member, is made dif- 
ferent between them. 

[Item 1 0] A cooling system according to any one of 
Items 6 - 9, wherein the optical member is a mirror. 
[Item 1 1 ] An exposure apparatus including at least to 
one optical member and a cooling system according 
to any one of Items 6-10, for cooling the at least 
one optical member, wherein a member to be ex- 
posed is exposed with light coming from the at least 
one optical member. 45 
[Item 12] An exposure apparatus according to Item 
11, wherein the exposure apparatus includes stor- 
ing means for storing an exposure program, where- 
in temperature control of the optical member 
through the temperature adjusting device is per- so 
formed on the basis of information from said storing 
means. 

[Item 13] A device manufacturing method charac- 
terized by a step for exposing a member to be ex- 
posed, by use of an exposure apparatus according 55 
to Item 11 or 12, and a step for developing the ex- 
posed member. 

[Item 14] A cooling method for cooling a plurality of 



optical members disposed in a vacuum ambience, 
characterized by a detecting step for detecting a 
temperature of the optical member, and a temper- 
ature adjusting step for providing a temperature dif- 
ference between the optical member and a radia- 
tion plate disposed opposed to the optical member 
without contact thereto, to bring the temperature of 
the optical member into a predetermined range, on 
the basis of a result of detection made at the detect- 
ing step, wherein the temperature difference be- 
tween the optical member and the radiation plate is 
changed before a heat quantity applied to the opti- 
cal member changes. 

[Item 15] A cooling method according to Item 14, 
wherein at least one of (i) the timing for changing 
the temperature difference with the radiation plate 
and (il) the amount of temperature difference, is 
made different with reference to each of the optical 
members. 

[Item 16] A cooling method according to Item 14 or 
15, wherein the optical member is a mirror. 
[Item 1 7] An exposure apparatus including a cham- 
ber having an inside space filled with a vacuum am- 
bience; a subject member disposed in said inside 
space, said subject member being a member to be 
temperature-adjusted; a radiation member for tem- 
perature-adjusting the subject member without con- 
tact thereto; and a temperature adjusting mecha- 
nism for temperature-adjusting the radiation mem- 
ber, characterized in that said temperature adjust- 
ing mechanism changes the temperature of the ra- 
diation member before a heat quantity applied orto 
be applied to the subject member changes. 
[Item 18] An exposure apparatus according to Item 
17, for illuminating a pattern of a reticle with expo- 
sure light from a light source and For projecting the 
exposure light from the reticle to a substrate to be 
exposed, wherein the subject member to be tem- 
perature-adjusted includes at least one of (i) a 
member placed on a light path of the exposure light, 
(ii) a member in contact with a member placed on 
a light path of the exposure light, and (iii) a member 
holding a member placed in a path of the exposure 
light, all being disposed within said chamber. 
[Item 19] An exposure apparatus according to Item 
17 or 18, for projecting a pattern of a reticle onto a 
substrate for exposure of the same, wherein the 
subject member to be temperature-adjusted in- 
cludes a reticle chuck for holding the reticle. 
[Item 20] An exposure apparatus according to any 
one of Items 17 - 19, for projecting a pattern of a 
reticle onto a substrate for exposure of the same, 
wherein the subject member to be temperature-ad- 
justed includes a wafer chuck for holding the sub- 
strate to be exposed. 

[Item 21] An exposure apparatus according to Item 
1 9 or 20, wherein the reticle chuck and/or the wafer 
chuck has a specific rigidity not less than 1 E+8(N-m/ 
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kg). 

[Item 22] An exposure apparatus according to any 
one of Items 19-21, wherein the reticle chuck and/ 
or the wafer chuck has a radiation coefficient not 
less than 0.4. 5 
[Item 23] An exposure apparatus according to any 
one of Items 1 9 - 22, wherein the reticle chuck and/ 
or the wafer chuck has a thermal conductivity not 
less than 30(W/m/°C). 

[Item 24] An exposure apparatus according to any w 
one of Items 1 9 - 23, wherein at least a portion of 
the wafer chuck has a dielectric constant not less 
than 10. 

[Item 25] An exposure apparatus according to any 
one of Items 1 9 - 24, wherein the wafer chuck has is 
a volume specific resistance in a range from 1 E+-6 
to 1E+13 (£2 -cm). 

[Item 26] An exposure apparatus according to any 
one of Items 17-25, wherein a pattern of a reticle 
is projected to a substrate to be exposed, by use of 
at least one optical member, and wherein the sub- 
ject member to be temperature-adjusted includes 
the at least one optical member. 
[Item 27] An exposure apparatus according to Item 
26, wherein the at least one optical member is a re- 25 
flection member. 

[Item 28] An exposure apparatus according to Item 
26 or 27, further comprising a first optical member, 
a second optical member, a first temperature ad- 
Justing member for temperature-adjusting the first 30 
optical member and a second temperature adjust- 
ing member for temperature-adjusting the second 
optical member, wherein said first and second tem- 
perature adjusting members have different temper- 
atures. 35 
[Item 29] An exposure apparatus according to any 
one of Items 26 - 28, furthercomprising af irst optical 
member, a second optical member, a first temper- 
ature adjusting member for temperature-adjusting 
the first optical member and a second temperature to 
adjusting member for temperature-adjusting the 
second optical member, wherein temperatures of 
said first and second temperature adjusting mem- 
bers are changed at different timings. 
[Item 30] An exposure apparatus according to any « 
one of Items 17-29, wherein the exposure appa- 
ratus determines the timing for changing the tem- 
perature of the radiation member in accordance 
with an exposure program. 

[Item 31] An exposure apparatus according to any so 
one of Items 17-30, further comprising a temper- 
ature sensor for measuring a temperature of the 
subject member to be temperature-adjusted, 
wherein the temperature of the temperature adjust- 
ing member is adjusted on the basis of an output of ss 
said temperature sensor. 

[Item 32] A device manufacturing method, compris- 
ing the steps of: exposing a substrate to be ex- 



posed, by use of an exposure apparatus according 
to any one of Items 1 7 - 31 ; and developing the ex- 
posed substrate. 

[0054] In accordance with the features of Item 14, 
when exposure light is projected to the optical member 
and heat load is applied thereto, the temperature of the 
optical member would otherwise rise beyond a tolerable 
range due to control delay. When the exposure is turned 
off and the heat load disappears, the temperature of the 
optical member would otherwise fall beyond the tolera- 
ble range due to control delay. However, since the timing 
of exposure ("on") is predetected, a signal for lowering 
the temperature of the radiation plate is applied before- 
hand to decrease its temperature, before the tempera- 
ture of the optical member rises in response to applica- 
tion of the heat load. This effectively reduces tempera- 
ture variation, and the temperature changes of the op- 
tical momber can be suppressed within the tolerable 
range. On the other hand, when the exposure is turned 
off, a signal for increasing the temperature of the radia- 
tion plate is applied beforehand to raise its temperature, 
so that the temperature changes of the optical member 
can be suppressed within the tolerable range. 
[0055] In the cooling method described above, gen- 
erally, if the optical members have different shapes and 
the heat load is different, the thermal transfer character- 
istics are different. Therefore, the timing for applying a 
signal for changing the temperature of the radiation 
plate as well as the amount of changing the radiation 
plate temperature are important factors to be consid- 
ered. It is therefore necessary to apply a signal for 
changing the radiation plate temperature by an optimum 
amount and a timing best suited for the optical member. 
In the cooling method according to Item 1 5, where heat 
load is applied to plural optical members, in regard to 
each of radiation plates provided in association with plu- 
ral optical members, the timing of changing the temper- 
ature and the amount of changing the temperature can 
be determined, and a signal for changing the radiation 
plate temperature can be applied in accordance with the 
determined timing and amount. Therefore, even if the 
optical members have different shapes and materials, 
signals for decreasing the temperatures of the radiation 
plates can be applied at timings best suited to the optical 
members, respectively, and thus the temperature 
changes of all the optical members can be suppressed 
within the tolerable range. 

[0056] In accordance with Item 1 6, thermal distortion 
of the mirrorcan be prevented effectively and, therefore, 
the transfer positional precision can be improved signif- 
icantly. 

[0057] While the invention has been described with 
reference to the structures disclosed herein, it is not con- 
fined to the details set forth. 
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Claims 8. 



An apparatus according to any one of Claims 3 - 7, 
wherein at least a portion of the wafer chuck has a 
dielectric constant not less than 10. 



1. An exposure apparatus, comprising: 

a chamber having an inside space filled with a 
vacuum ambience; 

a subject member disposed in said inside 

space, said subject member being a member 

to be temperature-adjusted; 

a radiation member for temperature-adjusting 

the subject member without contact thereto; 

and 

a temperature adjusting mechanism for tem- 
perature-adjusting the radiation member, 

wherein said temperature adjusting mecha- 
nism changes the temperature of the radiation 
member before a heat quantity applied or to be ap- 
plied to the subject member changes. 

2. An apparatus according to Claim 1 , further compris- 
ing exposure means for illuminating a pattern of a 
reticle with exposure light from a light source and 
for projecting the exposure light from the reticle to 
a substrate to be exposed, wherein the subject 
member to be temperature-adjusted includes at 
least one of (i) a member placed on a light path of 
the exposure light, (ii) a member in contact with a 
member placed on a light path of the exposure light, 
and (III) a member holding a member placed in a 
path of the exposure light, all being disposed within 
said chamber. 

3. An apparatus according to Claim 1 or 2, further 
comprising exposure means for projecting a pattern 
of a reticle onto a substrate for exposure of the 
same, wherein the subject member to be tempera- 
ture-adjusted includes a reticle chuck for holding 
the reticle. 

4. An apparatus according to any one of Claims 1 - 3, 
further comprising exposure means for projecting a 
pattern of a reticle onto a substrate for exposure of 
the same, wherein the subject member to be tem- 
perature-adjusted includes a wafer chuck for hold- 
ing the substrate to be exposed. 

5. An apparatus according to Claim 3 or 4, wherein the 
wafer chuck has a specific rigidity not less than 
1E+8(N-m/kg). 

6. An apparatus according to any one of Claims 3 - 5, 
wherein the wafer chuck has a radiation coefficient 
not less than 0.4. 

7. An apparatus according to any one of Claims 3 - 6, 
wherein the wafer chuck has a thermal conductivity 
not less than 30(W/m/°C). 



s 9. An apparatus according to any one of Claims 3 -8, 
wherein the wafer chuck has a volume specific re- 
sistance in a range from 1 E+6 to 1 E+13(£i-cm). 

10. An apparatus according to any one of Claims 1 - 9, 
10 wherein a pattern of a reticle is projected to a sub- 
strate to be exposed, by use of at least one optical 
member, and wherein the subject member to be 
temperature-adjusted includes the at least one op- 
tical member. 

15 

11. An apparatus according to Claim 10, wherein the at 
least one optical member is a reflection member. 

12. An apparatus according to Claim 10 or 11, further 
20 comprising a first optical member, a second optical 

member, a first temperature adjusting member for 
temperature-adjusting the first optical member and 
a second temperature adjusting member for tem- 
perature-adjusting the second optical member, 
25 wherein said first and second temperature adjusting 
members have different temperatures. 

13. An apparatus according to any one of Claims 10 - 
12, further comprising a first optical member, a sec- 

30 ond optical member, a first temperature adjusting 
member for temperature-adjusting the first optical 
member and a second temperature adjusting mem- 
ber for temperature-adjusting the second optical 
member, wherein temperatures of said first and 

35 second temperature adjusting members are 
changed at different timings. 

14. An apparatus according to any one of Claims 1 -13, 
further comprising determining means for determin- 

■to ing timing for changing the temperature of the radi- 
ation member, on the basis of an exposure pro- 
gram. 

15. An apparatus according to any one of Claims 1 -14, 
45 furtheLComprising a temperature sensor for meas- 
uring a temperature of the subject member to be 
temperature-adjusted, wherein the temperature of 
the temperature adjusting member is adjusted on 
the basis of an output of said temperature sensor. 

50 

16. A device manufacturing method, comprising the 
steps of: 

exposing a substrate to be exposed, by use of 
55 an exposure apparatus as recited in any one of 

Claims 1-15; and 
developing the exposed substrate. 
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17. A cooling method for cooling at least one optical 
member placed in a vacuum ambience, said meth- 
od comprising: 

a detecting step for detecting a temperature of s 
the at least one optical member; and 
a temperature-adjusting step for producing a 
temperature difference between the at least 
one optical member and a radiation plate dis- 
posed at a position opposed to the at least one 10 
optical member without contact thereto, on the 
basis of the detection at said detecting step, so 
that the temperature of the at least one optical 
member is brought into a predetermined range, 

(5 

wherein the temperature difference between 
the at least one optical member and the radiation 
plate is changed before a heat quantity applied or 
to be applied to the optical member changes. 

20 

18. An exposure apparatus, for exposing a substrate 
with a pattern of light, comprising: 

a vacuum chamber; 

at least one object, in the vacuum chamber, the 25 
object liable to be heated during an operation 
for exposing the substrate; 
a radiation cooling member for cooling the ob- 
ject, in accordance with the temperature of the 
member, without contacting the object; 30 
temperature adjusting means for adjusting the 
temperature of the member; and 
control means arranged to control the temper- 
ature adjusting means, so as to adjust the tem- 
perature of the member, in advance of an an- 35 
ticipated change in the rate of heating of the ob- 
ject. 

19. Apparatus according to claim 18 comprising at least 

a first and a second said object, with respective first 40 
and second radiation cooling members, the control 
means being arranged to adjust the temperatures 
of the first and second members separately from 
each other, in accordance with respective anticipat- 
ed changes in the rates of heating of the respective 45 
objects. 
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